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(57) ABSTRACT

A resistive memory apparatus and a write-in method thereof
are provided. The memory controller provides unselected
bit-lines and unselected word-lines both not coupled to a
selected resistive memory cell respectively with a first bit-line
voltage and a first word-line voltage in one of a setting dura-
tion and a resetting duration, wherein the first bit-line voltage
is equal to a product of a writing-in voltage V,and (n—1)/n
and the first word-line voltage is equal to Vyx1/n. The
memory controller provides the unselected bit-lines not
coupled to the selected resistive memory cell with a second
bit-line voltage and the unselected word-lines not coupled to
the selected resistive memory cell with a second word-line
voltage in the other one of the setting duration and the reset-
ting duration, wherein the second bit-line voltage is equal to
V»x1/n and the second word-line voltage is equal to V ;x(n-
1)/n.

7 Claims, 6 Drawing Sheets
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Providing a plurdlity of unselected bit~lines not coupled to the
selected resistive memory cell with a first bit-line voltage and 3610
a plurdlity of unselected word-lines not coupled to the selected —"

resistive memory cell with a first word-line voltage in one of a
setting duration and a resetting duration, wherein the first bit-

line voltage is equal to a first product of a writing—in voltage Vwi
and (N-1)/N and the first word-line voltage is equal to Vi xI/N

Providing the unselected bit-lines not coupled to the selected
resistive memory cell with a second bit-line voltage and the

unselected word-lines not coupled to the selected resistive _— 5620
memory cell with a second word-line voltage in the other one of
the setting duration and the resetting duration, wherein the second

bit-line voltage is equal to o second writing—in voltage Viwo X1 /N
and the second word-line voltage is equal to Vi X(N-1)/N

FIG. 6
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1
RESISTIVE MEMORY APPARATUS AND
WRITE-IN METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 102143042, filed on Nov. 26, 2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a resistive
memory apparatus and a write-in method thereof, and more
particularly, to a cross-bar resistive memory apparatus and
write-in method thereof.

2. Description of Related Art

Based on the demand for next-generation non-volatile
memory, a kind of resistive memory have been developed.
This resistive random memory access can be random
accessed, and be used to replace the NAND flash memory. In
order to increase the density of memory, a high-density three-
dimensional vertically arranged resistive memory apparatus
is also been proposed.

In a cross-bar resistive memory apparatus, the most con-
cerned issue is that, as performing a data-writing operation on
the memory cells of the cross-bar resistive memory appara-
tus, the unselected memory cells arranged in the same
memory columns and the same memory rows as ones of the
selected memory cells would produce voltage differences due
to the voltages delivered on the bit-lines and the word-lines,
which causes the resistance thereof adjusted into a region to
be reset and triggers data-storing error.

The aforementioned situation becomes particularly serious
for the resistive memory apparatus with asymmetric memory
characteristic. In such a resistive memory apparatus, the rela-
tion between current and voltage in the resetting state of the
memory cell is asymmetric with the relation between current
and voltage in the setting state of the memory cell thereof.
Thus, any solution in the prior art to reset and set the resistive
memory cells with asymmetric characteristic by using a same
voltage is apparently not appropriate.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a resistive
memory apparatus and a write-in method thereof, which are
able to effectively prevent its resistive memory cells from
write-in errors and effectively maintain the data correctness.

A resistive memory apparatus of the invention includes a
memory cell array and a memory controller. The memory cell
array includes a plurality of memory unit, in which each of the
memory units includes a plurality of stacked resistive
memory cells, the resistive memory cells are respectively
coupled to a plurality of word-lines and the memory units are
respectively coupled to a plurality of bit-lines. The memory
controller is coupled to the memory cell array, wherein the
memory controller provides a plurality ofunselected bit-lines
not coupled to a selected resistive memory cell with a first
bit-line voltage and a plurality of unselected word-lines not
coupled to the selected resistive memory cell with a first
word-line voltage in one of a setting duration and a resetting
duration, in which the first bit-line voltage is equal to a prod-
uct of a writing-in voltage V ;-and (n-1)/n and the first word-
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line voltage is equal to Vx1/n wherein n is a real number
greater than 3. The memory controller provides the unse-
lected bit-lines not coupled to the selected resistive memory
cell with a second bit-line voltage and the unselected word-
lines not coupled to the selected resistive memory cell with a
second word-line voltage in the other one of the setting dura-
tion and the resetting duration, wherein the second bit-line
voltage is equal to V;x1/n and the second word-line voltage
is equal to Vx(n-1)/n.

A write-in method of resistive memory apparatus in the
invention includes following steps: providing a plurality of
unselected bit-lines not coupled to a selected resistive
memory cell with a first bit-line voltage and a plurality of
unselected word-lines not coupled to the selected resistive
memory cell with a first word-line voltage in a setting dura-
tion, wherein the first bit-line voltage is equal to a product of
a writing-in voltage V. and (n-1)/n and the first word-line
voltage is equal to V;x1/n wherein n is a real number greater
than 3; and providing the unselected bit-lines not coupled to
the selected resistive memory cell with a second bit-line volt-
age and the unselected word-lines not coupled to the selected
resistive memory cell with a second word-line voltage in the
resetting duration, wherein the second bit-line voltage is
equal to V;x1/n and the second word-line voltage is equal to
Vx(n-1)/n.

Based on the depiction above, in the invention, through
setting and resetting the resistive memory cells and providing
different word-line voltages and bit-line voltages, the resis-
tance of the unselected resistive memory cells are not affected
by the received word-line voltages and bit-line voltages to
change the previously-stored data so as to maintain the data
correctness.

In order to make the features and advantages of the present
invention more comprehensible, the present invention is fur-
ther described in detail in the following with reference to the
embodiments and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a structure diagram of a resistive memory cell
array according to an embodiment of the present invention.

FIG. 1B is an enlarged diagram of a memory unit in an
embodiment of the invention.

FIG. 2 is a schematic diagram of a resistive memory appa-
ratus according to an embodiment of the present invention.

FIG. 3A is a diagram illustrating a setting way on resistive
memory cells in an embodiment of the invention.

FIG. 3B is a diagram illustrating a resetting way on resis-
tive memory cells in an embodiment of the invention.

FIG. 4 is a graphical chart showing a relation between
current and voltage in an embodiment of the invention.

FIGS. 5A and 5B are diagrams illustrating another imple-
mentation respectively for setting and resetting the resistive
memory cells in an embodiment of the invention.

FIG. 6 is a flowchart of a write-in method of resistive
memory in an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1A is a structure diagram of a resistive memory cell
array according to an embodiment of the present invention.
Referring to FIG. 1A, a memory cell array 100 includes a
plurality of memory units in pillared structure 110, wherein
the memory units are arranged in array and respectively
coupled to a plurality of bit-lines BL1-BL3. The memory
units 110 are also respectively coupled to a plurality of word-
line sets WLA1-WLA3. In FIG. 1, each of the word-line sets
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WLA1-WLA3 includes three word-lines. Taking one of the
memory units 110 with mark “110” as an example, the
memory unit 110 is coupled to the word-line set WLA3
having three word-lines WL1-WL3.

Referring to FIGS. 1A and 1B, FIG. 1B is an enlarged
diagram of a memory unit 110 in an embodiment of the
invention. In FIG. 1B, a plurality of insulation layers 111-114
are cross-stacked between the conductive layers respectively
serving as the word-lines WL1-WL3. A resistive layer RS1
overlays the insulation layers 111-114 and the word-lines
WL1-WL3, and the bit-line BL1 overlays the resistive layer
RS1.In FIG. 1B, the regions between the bit-line BL.1 and the
word-lines WL1-WL3 respectively form three resistive
memory cells RC1, RC2 and RC3.

FIG. 2 is a schematic diagram of a resistive memory appa-
ratus according to an embodiment of the present invention.
Referring to FIG. 2, a resistive memory apparatus 200
includes a memory cell array 210 and a memory controller
220. The memory cell array 210 can be a memory cell array
110 shown by FIG. 1A, and the memory controller 220 is
coupled to the memory cell array 210 for providing the
memory cell array 210 with bit-line voltages and word-line
voltages.

In the embodiment, the memory controller 220 can provide
the word-line voltage to the word-lines in the memory cell
array 210 and deliver the bit-line voltages through the bit-
lines in the memory cell array 210 or receive the read out data
through the bit-lines in the memory cell array 210. It should
be noted that for writing data on the resistive memory cells in
the memory cell array 210, there are a resetting way and a
setting way on the resistance of the resistive memory cells.

FIG. 3A is a diagram illustrating a setting way on resistive
memory cells in an embodiment of the invention. Taking a
array of 3x3 memory cells as a preferred example in FIG. 3A,
referring to FIGS. 2 and 3 A, as conducting setting resistance
on the selected memory cell SRC, the memory controller 220
can provides a selected word-line WL3 coupled to a selected
resistive memory cell SRC with a reference grounding volt-
age of, for example, OV and provide a selected bit-line BL.3
coupled to the selected memory cell SRC with a first writing-
in voltage V-, in a setting duration. In addition, the memory
controller 220 provides the unselected word-lines WL1 and
WL2 with a word-line voltage equal to Y4 first writing-in
voltage V;,, and provides the unselected bit-lines BL.1 and
BL2 with a bit-line voltage equal to ¥4 first writing-in voltage
V. The unselected bit-lines BLL1 and BL.2 and the unse-
lected word-lines WL.1 and WL2 are not coupled to the
memory cell SRC.

It should be noted that there are many wire resistors RP
formed on the word-lines WL1 and WL2 and the bit-lines
BL1 and BL2. With the structure of a cross-bar resistive
memory, these wire resistors RP are distributed between the
resistive memory cells.

Meanwhile referring to FIG. 4, FIG. 4 is a graphical chart
showing a relation between current and voltage in an embodi-
ment of the invention, wherein curves 410-430 respectively
show the relation between current and voltage required by the
resistive memory cell corresponding to three resetting volt-
ages of =4V, -5V and -6V. Arrow mark RESET and arrow
mark SET represent respectively three relation trends
between current and voltage for the resistive memory cell to
be set and reset. As shown by FIG. 4, these two kinds of
relations between current and voltage respectively for the
resetting state and the setting state of the resistive memory
cell are not symmetric with each other.

Under the aforementioned condition in association with
the graphical charts of FIG. 4, the voltage difference between
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the bit-line and the word-line withstood by the unselected
resistive memory cells UNRC1-UNRCH4 is equal to V% first
writing-in voltage V. Taking the writing-in voltage of
around 5V as an example wherein the writing-in voltage is
demanded by setting the resistive memory cell, % first writ-
ing-in voltage V5, is roughly equal to 2.5V which does not
fall in the effectively set region. Therefore, the resistance of
the unselected resistive memory cells UNRC1-UNRC4
would not be set. On the contrary, the voltage difference
between the selected bit-line BL3 and the selected word-line
WL3 withstood by the selected resistive memory cell SRC is
equal to the first writing-in voltage V ;;,, so as to effectively set
the resistance thereof.

It should be noted that among a plurality of unselected
resistive memory cells HSRC1-HSRC4 connected to one of
the selected word-line WL3 and the selected bit-line BL3,
taking the unselected resistive memory cell HSRC4 as an
example, the unselected resistive memory cell HSRC4
receives a bit-line voltage equal to the first writing-in voltage
V1, through the selected bit-line BL.3 and receives a word-
line voltage equal to the %4 first writing-in voltage Vg,
through the unselected word-line WL1. In this way, the volt-
age difference between the bit-line and the word-line coupled
to the resistive memory cell HSRC4 is equal to the ¥4 first
writing-in voltage V., i.e., 3.75V. It can be seen from FIG. 4
that the resistance of the unselected resistive memory cell
HSRC1 would not be set. For the rest unselected resistive
memory cells HSRC1-HSRC3, similarly to the unselected
resistive memory cell HSRC4, the resistance thereof would
not be set as well so as to avoid data-writing error.

FIG. 3B is a diagram illustrating a resetting way on resis-
tive memory cells in an embodiment of the invention. Refer-
ring to FIGS. 2 and 3B, taking a array of 3x3 memory cells as
apreferred example in FIG. 3B, as conducting resetting resis-
tance on the selected memory cell SRC, the memory control-
ler 220 can provides the selected word-line WL3 coupled to
the selected resistive memory cell SRC with a reference
grounding voltage of OV and provide the selected bit-line
BL3 coupled to the selected memory cell SRC with a second
writing-in voltage V., in a resetting duration. In addition, the
memory controller 220 provides the unselected word-lines
WL1 and WL2 with a word-line voltage equal to ¥ second
writing-in voltage V,, and provides the unselected bit-lines
BL1 and BL2 with a bit-line voltage equal to %4 second
writing-in voltage V.

In association with the graphical charts of FIG. 4, the
voltage difference between the bit-line and the word-line
withstood by the unselected resistive memory cells UNRC1-
UNRCH4 is equal to %4 second writing-in voltage V.. Taking
the writing-in voltage of around -6V as an example wherein
the V4 second writing-in voltage V;,, is equal to —1.5V which
does not fall in the effectively set region. Therefore, the resis-
tance of the unselected resistive memory cells UNRC1-
UNRC4 would not be set. On the contrary, the voltage differ-
ence between the selected bit-line BL3 and the selected word-
line WL3 withstood by the selected resistive memory cell
SRC is equal to a negative second writing-in voltage V
(-6V) so0 as to effectively reset the resistance thereof.

It should be noted that among the unselected resistive
memory cells HSRC1-HSRC4 connected to one of the
selected word-line WL3 and the selected bit-line BL.3, taking
the unselected resistive memory cell HSRC4 as an example,
the unselected resistive memory cell HSRC4 receives the
bit-line voltage equal to the second writing-in voltage V-,
through the selected bit-line BL3 and receives a word-line
voltage equal to the % second writing-in voltage V ;;, through
the unselected word-line WL1. In this way, the voltage dif-



US 9,269,434 B2

5

ference between the bit-line and the word-line coupled to the
resistive memory cell HSRC4 is equal to the ¥4 second writ-
ing-in voltage V., i.e., 1.5V or so. It can be seen from FIG.
4 that the resistance of the unselected resistive memory cell
HSRC4 would not be reset. For the rest unselected resistive
memory cells HSRC1-HSRC3, similarly to the unselected
resistive memory cell HSRC4, the resistance thereof would
not be reset as well so as to avoid data-writing error.

Additionally, as resetting and setting the resistance of the
resistive memory cell in the embodiment of the invention, the
voltages provided to both the unselected bit-line and the
unselected word-line not coupled to the selected resistive
memory can be switched by each other. For example, as
resetting the resistance of the selected resistance of the resis-
tive memory cell SRC, the unselected word-lines WL1 and
WL2 can be provided with the word-line voltage equal to %4
second writing-in voltage V,,, and the unselected bit-lines
BL1 and BL2 with the bit-line voltage equal to ¥4 second
writing-in voltage V,; as setting the resistance of the
selected resistance of the resistive memory cell SRC, the
unselected word-lines WL1 and WL2 can be provided with
the word-line voltage equal to %4 first writing-in voltage V
and the unselected bit-lines BL1 and BL2 with the bit-line
voltage equal to Y4 first writing-in voltage V.

FIGS. 5A and 5B are diagrams illustrating another imple-
mentation respectively for setting and resetting the resistive
memory cells in an embodiment of the invention. Referring to
FIGS. 5A and 5B, as conducting setting resistance on the
selected memory cell SRC in FIG. 5A, the selected word-line
WL3 coupled to the selected resistive memory cell SRC is
provided with a reference grounding voltage of OV and the
selected bit-line BL3 coupled to the selected memory cell
SRC with a first writing-in voltage V ;, in a setting duration.
Meanwhile, the unselected word-lines WL1 and WL2 not
coupled to the selected memory cell SRC is provided with a
word-line voltage equal to 1/n first writing-in voltage V;;, and
the unselected bit-lines BLL1 and BL2 not coupled to the
selected memory cell SRC are provided with a bit-line volt-
age equal to (n-1)/n first writing-in voltage V,, wherein n is
a real number greater than 3, so that the rest unselected
resistive memory cells except to the selected memory cell
SRC can be inhibited.

In FIG. 5B, as conducting resetting resistance on the
memory cell, the selected word-line WL3 coupled to the
selected resistive memory cell SRC is provided with a refer-
ence grounding voltage of OV and the selected bit-line BL.3
coupled to the selected memory cell SRC with a second
writing-in voltage V,, in a resetting duration. Meanwhile,
the unselected word-lines WL1 and WL2 not coupled to the
selected memory cell SRC is provided with a word-line volt-
age equal to (n-1)/n second writing-in voltage V,, and the
unselected bit-lines BL.1 and BL.2 not coupled to the selected
memory cell SRC are provided with a bit-line voltage equal to
1/n second writing-in voltage V ;, so that the rest unselected
resistive memory cells except to the selected memory cell
SRC can be inhibited

The aforementioned situation of FIG. 5A can be used for
resetting action on the resistive memory cell, while the afore-
mentioned situation of FIG. 5B can be used for setting action
on the resistive memory cell.

It should be noted that the array composed of 3x3 resistive
memory cells in the aforementioned embodiments are
examples only, which does not limit the scope of the inven-
tion. In fact, any-dimension array of resistive memory cells
can use the disclosed approach of the invention herein for
writing actions.
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FIG. 6 is a flowchart of a write-in method of resistive
memory in an embodiment of the invention. Referring to FI1G.
6, in step S610, it is provided that a plurality of unselected
bit-lines not coupled to the selected resistive memory cell
with a first bit-line voltage and a plurality of unselected word-
lines not coupled to the selected resistive memory cell with a
first word-line voltage in one of a setting duration and a
resetting duration, wherein the first bit-line voltage is equal to
a product of a first writing-in voltage V ;, and (n-1)/n and the
first word-line voltage is equal to V5, x1/n wherein n is a real
number greater than 3. In step S620, it is provided that the
unselected bit-lines not coupled to the selected resistive
memory cell with a second bit-line voltage and the unselected
word-lines not coupled to the selected resistive memory cell
with a second word-line voltage in the other one of the setting
duration and the resetting duration, wherein the second bit-
line voltage is equal to a product of a second writing-in
voltageV ;- and 1/n and the second word-line voltage is equal
to Vyox(n-1)/n.

The implementation details of the aforementioned steps
can refer the above-described embodiments of the invention
so as to be omitted to describe.

In summary, in the invention, through resetting and setting
the resistive memory cells and providing different word-line
voltages and bit-line voltages, the resistance of the selected
resistive memory cells can be set or reset, and the unselected
resistive memory cells can be inhibited without being set or
reset. In this way, data can be effectively and correctly written
into the resistive memory cells. In addition, when no updating
is needed, the previously stored data are not re-written due to
the writing actions on other resistive memory cells so as to
maintain the data correctness.

What is claimed is:

1. A resistive memory apparatus, comprising:

a memory cell array, comprising a plurality of memory
unit, wherein each of the memory units comprises a
plurality of stacked resistive memory cells, the resistive
memory cells are respectively coupled to a plurality of
word-lines and the memory units are respectively
coupled to a plurality of bit-lines; and

a memory controller, coupled to the memory cell array,
wherein, the memory controller provides a plurality of
unselected bit-lines not coupled to a selected resistive
memory cell with a first bit-line voltage and a plurality of
unselected word-lines not coupled to the selected resis-
tive memory cell with a first word-line voltage in one of
a setting duration and a resetting duration, wherein the
first bit-line voltage is equal to a product of a first writ-
ing-in voltage V;,; and (n-1)/n, and the first word-line
voltage is equal to V5, x1/n, wherein n is a real number
greater than 3,

the memory controller provides the unselected bit-lines not
coupled to the selected resistive memory cell with a
second bit-line voltage and the unselected word-lines
not coupled to the selected resistive memory cell with a
second word-line voltage in the other one of the setting
duration and the resetting duration, wherein the second
bit-line voltage is equal to a product of a second writing-
involtage V;, and 1/n, and the second word-line voltage
is equal to V,x(n-1)/n.

2. The resistive memory apparatus as claimed in claim 1,
wherein the memory controller provides a selected word-line
coupled to the selected resistive memory cell with a reference
grounding voltage and a selected bit-line coupled to the
selected resistive memory cell with the first and second writ-
ing-in voltages in the setting duration and the resetting dura-
tion.
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3. The resistive memory apparatus as claimed in claim 1,
wherein characteristic relation between current and voltage
for a resetting state of each the resistive memory cell and
characteristic relation between current and voltage for a set-
ting state of each the resistive memory cell are not symmetric
with each other.
4. The resistive memory apparatus as claimed in claim 1,
wherein the memory units are arranged in array.
5. A write-in method of resistive memory, comprising:
providing a plurality of unselected bit-lines not coupled to
a selected resistive memory cell with a first bit-line volt-
age and a plurality of unselected word-lines not coupled
to the selected resistive memory cell with a first word-
line voltage in one of a setting duration and a resetting
duration, wherein the first bit-line voltage is equal to a
product of afirst writing-in voltage V;,, and (n—1)/n, and
the first word-line voltage is equal to V;,, x1/n, wherein
n is a real number greater than 3; and

providing the unselected bit-lines not coupled to the
selected resistive memory cell with a second bit-line
voltage and the unselected word-lines not coupled to the
selected resistive memory cell with a second word-line
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voltage in the other one of the setting duration and the
resetting duration, wherein the second bit-line voltage is
equal to a product of a second writing-in voltage V ;»x
1/n and the second word-line voltage is equal to V;,x
(n-1)/n.

6. The write-in method of resistive memory as claimed in
claim 5, further comprising:

providing a selected word-line coupled to the selected

resistive memory cell with a reference grounding volt-
age and a selected bit-line coupled to the selected resis-
tive memory cell with the first and second writing-in
voltages in the setting duration and the resetting dura-
tion.

7. The write-in method of resistive memory as claimed in
claim 5, wherein the resistive memory comprises a plurality
of resistive memory cells, and characteristic relation between
current and voltage for a resetting state of each the resistive
memory cell and characteristic relation between current and
voltage for a setting state of each the resistive memory cell are
not symmetric with each other.
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